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The Breeding of New Papaya Variety ‘Tainung No.11-Little
Baby’

Chih-Cheng Hsu?, Kuod-Dung Chiou?, and Wen-Li Lee?

!Department of Tropical Fruit Trees, Fengshan Tropical Horticultural Experiment
Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.
2Fengshan Tropical Horticultural Experiment Branch, Taiwan Agricultural Research
Institute, Ministry of Agriculture.

ABSTRACT

Papaya ° Tainung No.11 - Little Baby ’ is a cross-bred variety by the self-crossed
line of Tainong No. 2 as the female parent and the self-crossed line of Philippines
Carabao solo as the male parent. This variety has the good growth traits of Tainung No.
2, such as prone to managing average fruit weight at about 800-900 grams, which is
smaller than that of Tainung No. 2 and suitable for small families, oblong fruit shape
and orange flesh. It is obvious to distinguish from Tainung No. 2 for its red pulp, so that
has market segmentation and the potential to break the single variety in the market. It
also has high fruiting rate on single node, high uniformed fruit, less malformed fruits,
and good storagibility, which has great potential for future promotion.

Key words: papaya, ‘Tainung No.11-Little baby’
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Table 1. Comparison on plant characteristics of ‘Tainung No.11-little baby’ and ‘Tainung
No.2’.

PHY SW SD HFFS NL
(cm) (cm) (cm) (cm) (piece)

Tainung No.11 277.14+21.97 b* 302.14+5.85a 9.7+0.77b 66.86+3.33b 23.86+1.60 b
Tainung No. 2 309.86+10.45a 266.29+12.39b 12.4+0.80a 96.00+9.53a 29.43+1.97 a

Z Means followed by the different letters are significantly different at 5% level by one-way ANOVA.

Y Abbreviation, PH: Plant height; SW:Spread width; SD:Stem diameter; HFFS: Hight of first
fruit set; NL:Number of leaves.

Varieties

2 2. hARNCRNEG ) FEORL2FE SRV ERE -
Table 2. Comparison on leaf characteristics of ‘Tainung No.11-little baby’ and ‘Tainung No.2’.

PLY PD LL LW DBE
(cm) (cm) (cm) (cm) (mm)

Tainung No.11  102.84+2.84 a* 1.34+0.08a 71.29+1.35a 80.03t1.05a 34.91+1.82a
Tainung No.2 95.74+552b 1.44+0.03a 63.43+3.16a 67.57t3.50a 28.36x2.25b

Z Means followed by the different letters are significantly different at 5% level by one-way ANOVA.

Y Abbreviation, PL: Petiole length; PD: Petiole diameter; LL: Leaf length; LW: Leaf width;
DBE: The distance between each.

Varieties
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Table 3. Comparison on flower characteristics of ‘Tainung No.11-little baby’ and ‘Tainung
No.2’.

- LPS LHC LSFS

Varieties FFENY (mm) (mm) (mm)
Tainung No.11  16.00+0.72 &’ 35.17+2.63 a 38.02+1.58 a 10.87+1.45a
Tainung No.2 17.29+0.94 a 24.85£1.92 b 39.38+£3.22 a 6.31+0.33 b

Z Means followed by the different letters are significantly different at 5% level by one-way ANOVA.

YAbbreviation, FFN: First florescent node; LPS: Length of primary stem; LHC: Length of
hermaphrodite corolla; LSFS: Length of small flower stem.
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Table 4-1. Comparison on plant characteristics of ‘Tainung No.11-little baby’ and ‘Tainung No.2”".

Varieti LF LP FD DP
arieties (cm) (cm) (cm) (cm)
Tainung No.11 17.36+0.25b? 13.66+0.28 b 8.66+0.30 a 4.35+0.28 a
Tainung No.2 20.90+0.43a 16.88+0.24 a 8.83+0.09 a 491+0.11 a

“Means followed by the different letters are significantly different at 5% level by one-way ANOVA.
YAbbreviation, LF: Length of fruit; LP: Fruit diameter; FD: Fruit diameter; DP: Diamete of pith.

242 HARER IR FH R 2R S
Table 4-2. Comparison on plant characteristics of ‘Tainung No.11-little baby’ and ‘Tainung
No.2’.

Varieties T WF SW TSS
(cm) (9) (9) (Brix)
Tainung No.11 2.03+0.08 a 810.04+57.75 a 97.66+8.16 a 11.45+0.54 b
Tainung No.2 1.93+0.07 a 923.25+76.52 a 103.04+8.01 a 13.72+0.41 a

*Means followed by the different letters are significantly different at 5% level by one-way ANOVA.
YAbbreviation, FT: Flesh thickness; WF: Weight of fruit; SW: Skin weight; TSS: Total soluble solids.
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R
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Fig.1. Papaya ‘Tainung No. 2’ is currently the main cultivated variety in Taiwan.
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Fig.2. Papaya ‘Tainung No. 11° has orange-yellow flesh and excellent storage and
transport qualities.
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Fig.3. Change in respiration rate of ‘Tainung No.11-little baby’ and ‘Tainung No.2’
papaya fruit.
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Fig.4. Change in ethylene prodection of ‘Tainung No.11-little baby’ and ‘Tainung
No.2’ papaya fruit.
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Fig.5. Change in firmness of ‘Tainung No.11-little baby’ and ‘Tainung No.2’ papaya
fruit.
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Fig.6. Changes in fruit total soluble solids of ‘Tainung No.ll-little baby’ and
‘Tainung No.2’ papaya fruit.
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Fig.7. The canopy of 'Tainung No. 11' (left) is more spread out than ‘Tainung No. 2'
(right), with a higher leaf area index.
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Fig.8. ‘Tainong No. 11° can produce an average of 2-5 fruits per node and has few deformed fruits.
If necessary, the fruits can be thinned to improve fruit quality.
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Fig.9. Papaya 'Tainung No. 11' bears fruit at a low position on the plant, and the fruits are set
uniformly.
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Differences in Physiological Characteristics of Jujube
‘Tainung No.13- Shirley’ Cultivated in Greenhouse and Net
House

Jhan-Hong Guo, Hsing-Liang Chen, and Kuo-Dung Chiou

Department of Tropical Fruit Trees, Fengshan Tropical Horticultural Experiment
Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

In order to cope with the extreme climate, cultivating jujube in greenhouse
facilities is a new cultivation and management model. This experiment uses jujube
‘“Tainung No. 13-Shirley’ as the test material to compare the differences between
greenhouse and traditional net room cultivation models and conduct feasibility
assessment; test The results show that the light quantum measurement in the
greenhouse is about 70-80% of that in the grid room. When the light quantum in the
greenhouse facility reaches more than 600-800 pmole/m?-s, the jujube leaves can
reach the light saturation point; vegetative growth depends on the branch length,
number of leaves, and maximum The leaf length and maximum leaf width in the
greenhouse were higher than those in the net room. The average number of flowers
blooming in the net room was 9.75, which was significantly higher than that in the
greenhouse, 4.44. The results showed that the greenhouse produced fruit earlier, had
more fruits and larger fruits than the net room. The average fruit quality of fruits
cultivated in the greenhouse is 121.6g, which is slightly larger than that of the net
room 119.6g. The total soluble solids are slightly higher than that of the greenhouse,
13.96 °Brix, which is 13.32 °Brix. Therefore, it is feasible to cultivate jujube in the
greenhouse, and the fruit quality is better.

Key words: India jujube (ziphus mauritiana Lam.), cultivated in greenhouse, fruit
quality
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Table 1. Differences in light quantum and illumination in different cultivation
environments.

£ 8
% § (847w A *3 B3
% £ + (umole/m? ) 16155+318.5  1451489.76  1038.75:6.68
e A (Ix) 731057505  60720+1700 49447.5+1685.84
pEF A (%)
% £ =+ (umole/m?s) 100 89.76 64.26
e /2 (1) 100 83.05 67.64
% £ + (umole/m?s) - 100 71.59
e /2 (1X) - 100 81.44

Mean + standard error (n = 4).

14 -
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10 -

0 200 400 600 800 1000 1200 1400 1600 1800 2000
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Wl BT o RI3% BB R LRREE P &) (4 =PPFD > £ £ 5
pmole/m?-s)
Fig 1. The light saturation of the leaves of jujube ‘TN 13’was measured in greenhouse
facilities (unit PPFD, light quantum: pmole/m?-s).
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Fig 2. Jujube ‘TN 13’growth in greenhouse and net house (A) Left: \egetative growth
in the net house (B) Right: Vegetative growth in the greenhouse (C) Left: The fruiting
situation after 15 days of flowering in the net house (D) Right: The fruiting situation
after 15 days of flowering in greenhouse (E) Left: The appearance of the fruit
cultivated in the net house (F) Right: The appearance of the fruit cultivated in the
greenhouse.
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Table 2. Investigation on the vegetative growth of jujube ‘TN 13’ in greenhouse and
net house.

< £ (cm) HE (cm) RS 3 Erd A EL(Cm) R ET(Cm)

4 % 389.5+15.38a 5.09+0.27a  15.75+0.56a 20.63+1.6b 8.76+0.46a 9.16+0.32a

£ % 393.31+29.38a 5.45+0.2a 16.67+0.49a 32.13+1.19a 9.56+0.35a 9.65+0.33a

Mean + standard error (n = 4). Means separation within column (capital letter) of
same varieties with different production time. Different letters following the value
represent significant difference according to ttestat P = 0.05.

3 BcR135 WEFEEI PR TEERE o
Table 3. Investigation on flowering and fruiting of jujube ‘TN 13’ in greenhouse and
net house.

REPY KwfAy Bk F%#& FFE(Mm) *F 7 (mm)
0915 £ 3% 4.44+0.34h 1.31+0.2a  7.42+0.7 5.83x1
3z 9.75+0.49a  0.81+0.16b --
0930 £ % 2.75+0.54a 2.31+0.22a 22+1.6a  19.56+0.99a
ke 5.19+0.5b  1+0.2b 3+0b 2+0b

Mean = standard error (n=16). Different letters following the value represent
significant difference according to t testat P = 0.05 within the same date.

4, BLRI3FY Rz ARz OEF ARG -
Table 4. Investigation on fruit quality of jujube ‘TN 13’ in greenhouse and net room.

5 F BV B EEAP pik A i A L
(9) (°Brix) (%) e

k4 119.62+4a 13.32+0.49a 0.48+0.04a 28.02+2.63a

HE 121.6+4.47a 13.96+0.28a 0.56+0.08a 24.84+2.48a

Mean = standard deviation (total soluble solids, titratable acidity, Sugar/acid Ratio,
n=16. Different letters following the value represent significant difference according
tottestat P = 0.05.
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Effect of Temperature on Regulation of Curd Development

in Cauliflower

Chen-Yu Lin', Hsuan-Ping Chen', Hsiang-I Lee', and Chi-Ni Hsia?

"Department of Vegetable Crops, Fengshan Tropical Horticultural Experiment Branch,
Taiwan Agricultural Research Institute, Ministry of Agriculture.
2Crop Genetic Resources and Biotechnology Division, Taiwan Agricultural Research

Institute, Ministry of Agriculture.

ABSTRACT

At low temperature, the transcript levels of FLOWERING LOCUS C were
decreased in cauliflower ‘Bo-903° and ‘Bo-905° before curd development.
Vernalization inhibited the expression of FLOWERING LOCUS C. At 15°C treatment,
the transcript levels of BoFLCI and BoFLC2 were decreased before curd development
period and before flowering period, respectively. The curd formation and curd
development when BoFLC transcript levels decreased for the first time. Cauliflower
flowering when BoFLC transcript levels decreased for the second time. Bolting as well
as pod formation respectively when transcript levels were increased. The transcript
level of FLC in cauliflower showed a W-shaped pattern. At average daily temperature
0f27.8°C (average 31.3°C/23.2°C),'Bo-903' began to form curd in natural environment
of net greenhouse. The BoFLC1 of Bo-903'was inhibited during the 42-56 days then
down-regulated curd development. During the curd development period, BoFLCI
transcription amount of Bo-903' was maintained at a low level which would slowly
promote form curds. The BoFLC2 was gradually inhibited in the vegetative growth
period, however, transcript level was increased during curd development period. The
results implicated that BoFLC2 was not the main regulator of curd formation in high-
temperature environments. At average daily temperature of 25.1°C (average
28.8°C/20.7°C), 'Bo-905' began to form curd and develop in natural environment of net
greenhouse. The results revealed that collaborative regulation mechanism of BoFLCI
and BoFLC2.

Key words: Cauliflower, Curd development, FLOWERING LOCUS C, Temperature
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Heat-Resistant Welsh Onion Varieties and Mulching
Techniques to Mitigate the Impact of High Summer

Temperatures

Hsiang-1 Lee

Department of Vegetable Crops, Fengshan Tropical Horticultural Experiment Branch,

Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

Welsh onions (Allium fistulosum L.) are a crucial spice crop that can be
cultivated year-round. In recent years, however, the production of welsh onions has
been severely impacted by hot and rainy summers, leading to frequent price
fluctuations and unstable supply. This study investigates the selection of heat-resistant
welsh onion varieties and mulching materials as strategies to mitigate the adverse
effects of high summer temperatures exacerbated by climate change. The heat
tolerance of various welsh onion cultivars was assessed using non-destructive
indicators, while the efficacy of Tyvek as a mulching material was also evaluated. The
results indicate that the cultivar ‘Tainung select No. 1’ exhibited better growth in high-
temperature conditions, with significant increases in SPAD values and tiller numbers,
along with minimal plant weight and leaf number reductions, demonstrating superior
heat resistance. Additionally, compared to straw mulching, Tyvek mulching
effectively reduced the soil temperature by 10-12°C, maintained stable soil moisture,
significantly improved welsh onion growth conditions, and enhanced plant height,
leaf sheath width, and plant weight by 90-140%.

Key words: Welsh onion, heat tolerance, mulching material
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Tyvek + Straw 2 cm (Row spacing 12 x 24 cm)

Tyvek + Straw 2 cm (Row spacing 12 x 20 cm)

= Straw 10 cm (Row spacing12 x 20 cm)
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Fig. 1. Average soil temperature in 2023/8/11-9/10.
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Tyvek + Straw 2 cm (Row spacing 12 x 24 cm)

Tyvek + Straw 2 em (Row spacing 12 x 20 cm)

= Straw 10 cm (Row spacing12 x 20 cm)
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Fig. 2. Relative humidity in 2023/8/11-9/10.
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Fig. 3. Welsh onion cultivation with straw and Tyvek mulching.
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Assessing of Chilli Production by Mulching Different
Materials

San-Tai Wang?!, Hsiang-I Lee!, Shiow-Huey Hseu?, Chia-Hui Wang* and
Shin-Yun Hsu?

!Department of Vegetable Crops, Fengshan Tropical Horticultural Experiment Branch,
Taiwan Agricultural Research Institute, Ministry of Agriculture.
2 Department of Plant Protection and Utilization, Fengshan Tropical Horticultural
Experiment Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

Fifteen varieties were assessed on mulching material of Tyvek® or plastic film in
Meinong District on July 13, 2023. Average survival ratio of Tyvek ® and plastic film
were 90.8 and 20.9%. As high rainfall and rainy days, anthracnose of chilli was very
serious during experimental period. Yield only calculated Sep. 28 and Oct. 11, 2023.
Plot yield of erect chilli type variety ‘Sardine’ from Suntech Seed Company was 2022
g which was highest variety. Plot yield of bend chilli type line ‘23-FTHES hybrid
No.2’ from FTHES was 1227 g which was second. Plot yield of erect chilli type
varieties ‘Red Bird’ from Known-You Seed Company was 978g which was third and
most popular used variety in Meinong District. Average fruit weight of ‘Sardine’,
23-FTHES hybrid No.2’ and ‘Red Bird’ were 2.2, 15.9 and 4.4g. If anthracnose could
be controlled, highest yield varieties were ‘EX-1826" for 5419 g and ‘Drunk Red’
for 5286 g which all coming from Known-You Seed Company. Average plot yield of
‘Red Bird’ grafting with ‘23-FTHES chilli rootstock No. 1’ and ‘Red Bird” without
grafting were 2194 and 978 g. Normal fruit ratio of grafting and non-grafting were
59.4 and 33.3%.

Key words: Tyvek, pepper, high temperature

48



%Lm%ﬁﬁ%ﬁ&&H?ﬁi#ﬁf%ﬁﬁiaikﬁﬁiﬂFE$E%$°
Table 1. Survival ratio of fourteen chilli pepper varieties cultivated in Meinong with
Tyvek or plastic mulching material at different planting dates.

REjantarpy RELWT AR P
WY R 7 76 % (%) % i 5 (%)
8/4 8/29 9/28 8/4 8/29  9/28

1251 4% 95.8 95.8 93.8 18.5 185 172
1252 4 4R

= 23

B .Lsk 1000 979 97.9 15.6 125 125

H1FEL

-
1253 23-F &L

225k 97.9 97.9 95.8 44.3 443 343

P15
1254 23-F &L

#a3k 1000  95.8 83.3 19.8 165 165

HR 255
1255 EX-1826  97.9 95.8 87.5 36.4 364 364
1256 EX-1792  95.8 93.8 89.6 7.1 7.1 7.1
1257 w3k 97.9 97.9 93.8 18.8 188  18.8

#22003
1258 /| 4. 100.0  100.0 100.0 21.9 219  18.8
1259 i 91.7 91.7 85.4 25.0 250 250

2001
1260 3 ~ @ 97.9 95.8 87.5 28.1 281 250
1261  #ris 97.9 95.8 81.3 29.0 290  29.0
1262 HP231 91.7 91.7 89.6 12.5 125 125
1263 374 B 93.8 93.8 95.8 375 375 375
1265 f% i 93.8 93.8 89.6 15.8 158  15.8
B 96.6 95.5 90.8 23.6 231 219
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Table 2. Average normal fruit yield, anthracnose-infected fruit yield, and total yield of
fourteen chilli pepper varieties cultivated in Meinong with Tyvek.

o o x ?:%Jé_?é_l F&«Evﬁs-ﬁjé_:‘il AL
(2 5) (= %) (2 %)
1251 X 978 % 911 1688 + 899 2665
ORI (23
1252 RPN 8 A2 2194 + 1177 1503 + 1267 3697
15
23-F Lige ik
1253 833+ 676 3155+ 1300 3988
P15
23-F Lige ik
1254 1227 + 656 2741+ 717 3967
250
1255 EX-1826 160 + 142 5259 + 988 5419
1256 EX-1792 6+10 4307 + 720 4313
1257 #7 % #2003 843+ 571 2524 + 108 3367
1258 | A 2022 + 492 435 + 463 2457
1259 5% #3.2001 88 + 58 1951 + 766 2038
1260 F A 152 + 107 2647 + 569 2799
1261 o 287 + 297 2735+ 604 3022
1262 HP2310 658 + 209 3032 + 1065 3690
1263 AT 285 + 436 - -
1265 s i 274 + 120 5012 £ 714 5286

12358 £k i 4

23 48 ABERTNAE ) AAE CREBAE B F R HEEL
Table 3. The yield, anthracnose-infected fruit yield, normal fruit ratio, and fruit
weight of ‘Red Bird’ without grafting, ‘Red Bird’ grafting with rootstock and

‘Sardine’.
5 i Bs *#f%iéii I _af,f%Jé:ii S %j
(2 %) (2 %) (%) (2 %)
1251 * B 978 1688 33.3 4.8
1252 * IR E
23 B Lk 2194 1503 594 5.3
P FRELEL’
1258 | A 2022 435 79.1 2.2
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BHBLrL oL R R HRRRCRAE P F LR - AP
B EF A 2 # sk 0 33w ek % GAs(Gibberellicacid) $fi 5 5% % % 4 2
PR RFHEEEAT12 "2 1 "HRBEEARSE CHBEFFEEF LB
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9.0% ¥ 9.7%  § B EFRF U R arLr o @ FHPYH 1 1 30 R ERF
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T T IEE R G iRE F a4p b > 4p B T8k (r, Correlation coefficient) % 0.57 o 3#
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S B EEHEA

Mats: BHEY P E A EDEH - EE SR g

3

‘B #f# & (Annona x atemoya ) & /4 + & 2+ (Annonacherimola) £ § # i<
(Annonasquamosa) f& R f& < fd - % i f 5 atemoya (Nakasone and Paull, 1998)-
VA4 RN RS o £AF F izAa44 1,000 m 2T R (Goenaga and David,
2016) > SIS AR EBLAAK > BIEG A OF 2,655 OV o R EINE frE
BEF IR0 AR MHRFLEY R P B R a3 gt e g
99% -
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T 55 % EAn 2 MARDEF afcfiv 3 5 4 B F 2 SRFER G
(Ferguson and Grafton-Cardwell, 2014 ; Iglesias et al., 2007) - &t & %% & 48 4 &3
& (abscission zone) fed P il i F 3] e A dtand 23§42 (Estornell et al.,
2013) » 2 % {}éﬁn;@ﬁ@ Ml RS dE Ry 0 a2 & F Auxin fr;‘;’r%%% GA
(Glbberelllc acid) Pl %3¢ T@mp@] 5 7% eni®*  (Patterson, 2001) - 32 #

TTBEEF 2 EDBERIEE o RO EF A PFTF o Gl RF S 30
ppm GAz EEF 5 23% ot *HF’EE 28% & (Gill and Bal, 2011 ; Wang et

, 2018) » Z i@ * 75 ppm 7 GAz ¥ & F 72.19% ¥R 78.96% i ik
(Guptaet al.,2022) - % % % If’a mﬁ fg;}ﬁu 33ppm 5GA3 % * 5= 5 X F X F ¥
5 23% > Mg ok e R % % 5 30%7 A ¥ i (Singhetal, 2022) °

BB P E G R E S

/3% CAI A ZVRE R MNP E S EF Y 2 & di8%%
FEo & W3t 2017-2018 £ i {7 344 & F 3E%k Y2 2018-2019 £ {7 4 5 P E%e
HRes Frf KAgL > Fokes e * 10 ppm 0 GAs s iE kg 7 > & tkef
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BEHEEEICR 3T o ¥ L ERGTIMEHK 1#%; F 2 enE FE K S
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2018 # 1 7 16 P %% Fif 321% > @ GAz EJZeniE % F 5 17.8% o % 2 3138
% 2018 # 17 31Pp E%Fo¥mRegiE 44% a GAzAIE % % 5% 5 9.9%-
b 3 PEHAHREE CA T T R F R IR FHLE FR 2887 4 ¢
B B 1P E % ;*‘;;a L%k 0w GAz»t 2018 £ 12 7 12 p B
heBE FRCH B ER ST % S ﬁx%é** 2019 # 17 2 picfgm » $RR e % F
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FRARJEH T S F L EFMLALR % 4 PS>0 2019# 12 16
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Study on the Application of Gibberellic Acid (GA3) to
Reduce Abnormal Fruit Drop in Atemoya
(Annona x atemoya)

Hsin-Hsiu Fang, Shu-Hui Huang, Hsiu-Yen Ma, Chih-Cheng Hsu and
Kuo-Tung Chiu

Department of Tropical Fruit Trees, Fengshan Tropical Horticultural Experiment
Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

Atemoya (Annona x atemoya) is an important fruit tree in Taiwan, with fruit
production sensitive to environmental changes, often leading to fruit drop. This study
was conducted over two consecutive years, aiming to reduce fruit drop by applying
gibberellic acid (GAs). Results showed that for fruits maturing between December and
January, where higher environmental temperatures were observed, the fruit drop rates
for control groups were 32.1%, 44%, and 23.41% across different batches. Weekly
treatment with 10 ppm GAs significantly reduced the fruit drop rates to 17.8%, 9.9%,
and 9.7%, respectively. For fruits maturing between January and March, where the
control group had fruit drop rates below 10%, no significant differences were observed
with GAs treatment. Further correlation analysis between fruit drop rates and weather
data from 8-14 days prior to the drop revealed a significant positive correlation with
average temperatures, with a correlation coefficient (r) of 0.57. The study concluded
that in higher temperature environments, the application of 10 ppm GAs effectively
reduces pre-harvest abnormal fruit drop.

Key words: atemoya, gibberellic acid, plant growth regulators, fruit drop, post-
ripening, warm winter.
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Fig.1. Average monthly sales volume and average sales price in Taiwan's auction
market from 2014 to 2023. The X-axis represents different months of the year, the left
Y-axis shows average sales volume, and the right Y-axis shows average sales price.
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Fig.2. Meteorological data from the main production area of atemoya from 2014 to
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Fig.3. Fruit set and abnormal fruit drop conditions of atemoya in the Taitung area. (A)
Normal fruit set, (B) Abnormal fruit drop with exposed stem, (C) No significant fruit
drop orchard, (D) Abnormal fruit drop on the ground.
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(A) The First year experiment (2017-2018) O Control SGAS 10 ppm
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Fig.4. Results of fruit drop rate survey with GA3 treatment on Atemoya. (A) First-year
experiment (2017-2018), (B) Second-year experiment (2018-2019).
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Table 1. Correlation coefficient (r) between atemoya fruit drop rate and meteorological
factors.

Days before fruit drop rate investigation

Meteorological factors

1-7 days 8 — 14 days 15 — 21 days
Average temperature (°C) 0.22 0.57** -0.01
Relative humidity (%) 0.01 0.12 -0.28
Precipitation (mm) -0.18 0.00 -0.21
Sunshine (h) -0.07 0.44 0.33
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Effects of Quarantine Vapor Heat Treatment on the
Appearance and Shelf Life of Dragon Fruit Exported to
Japan

Pi-Chuan Liu and Hsin-Liang Chen

Department of Tropical Fruit Trees, Fengshan Tropical Horticultural Experiment
Branch, Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

This study aimed to investigate the effects of vapor heat treatment (VHT) on the
appearance changes and shelf life of red-fleshed dragon fruit (Hylocereus spp.)
intended for export to Japan, with a focus on complying with Japan's quarantine
requirements. According to the regulations, dragon fruit exported to Japan must
undergo VHT, where the chamber temperature must reach at least 48°C and be
maintained for over 136 minutes, while the fruit core temperature must reach at least
46.5°C and be maintained for 30 minutes to effectively eliminate potential harmful
organisms.

The study evaluated the quality performance of three red-fleshed cultivars-‘Da
Hong’, ‘Mi Bao’, and ‘Mi Xuan Long’-after VHT, including the yellowing index of
scales, shelf life after refrigeration, incidence of brown spot disease, and flavor
changes. The results indicated that VHT did not have any significant adverse effects
on the appearance or flavor of the three cultivars. After VHT and refrigeration at 5°C
for 10 days, the fruit remained visibly fresh upon removal from storage. The shelf life
at room temperature after refrigeration was approximately 5-7 days. If the fruit is
assessed in low-temperature conditions after removal from storage, its marketable
period could extend beyond 10 days. Furthermore, the ‘Mi Bao’ cultivar exhibited the
best appearance among the three.

The findings demonstrated that VHT does not compromise the flavor or quality
of red-fleshed dragon fruit and is an effective method for delaying postharvest
disease.

Key words: red-fleshed dragon fruit, quarantine vapor heat treatment, post-harvest
treatment.
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Table 1. Changes in flake thickness and yellowing of three different dragon fruit red
pulp varieties after vapor heating, 10-day refrigeration, and subsequent exposure to
room temperature.

1= ¥ 3= %5% 57
A8
CK VHT CK VHT CK VHT CK VHT
A o 0 + + ++ ++ +++  ++
a1 0 ++ + +++ +++ ++++ -+
N 0 0 + + ++ 4+t ++++  +++

22, Z B AP oA S SN RARDOR & P B o
Table 2. Comparison of Alternaria fruit rot incidence among three different dragon
fruit varieties.

st R T N A (i)

S8 512 57 592

CK VHT CK VHT CK VHT
S 0 0 0 0 0 0
g% 0 0 3 2 2 3
4k 0 0 0 0 2 0

23 Z B2 idc & A Im&ﬁiyﬁaﬁi?i;{ﬁ L o
Table 3. Comparison of Alternaria fruit rot disease spot coverage of three different
dragon fruit fruit varieties.

st 2R T R E (%)

P a5 1= 7= 59=
CK VHT CK VHT CK VHT
5 OF 0 0 0 0 0 0
B 0 0 — - —— ——
S 0 0 0 0 —— —
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Fig.1. Comparison of the appearance of scales on three red-fleshed cultivars after
steam treatment, refrigerated for 10 days, and placed at room temperature for 1 day.
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Fig.2. Comparison of the appearance of scales on three red-fleshed cultivars after
steam treatment, refrigerated for 10 days, and then placed at room temperature for 7

days.
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Fig.3. Observation of shelf life of red-fleshed dragon fruit from different cultivation.
models after steaming treatment and simulated storage following sea transport.
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Establishing a Carbon Sink Cultivation Model for Iceberg
Lettuce

Hui-Ling Lo and Shough-Peng Lee

Department of Vegetable Crops, Fengshan Tropical Horticultural Experiment Branch,
Taiwan Agricultural Research Institute, Ministry of Agriculture.

ABSTRACT

In recent years, the use of agricultural waste to produce biochar for improving soil
properties has gradually gained attention. The application of rice husk carbon can
improve the physical properties of the soil and promote soil microbial activity, leading
to better crop root growth. In this study, we used iceberg lettuce ‘Chang Li No. 6’ as
the test crop to conduct experiments on increasing soil carbon sequestration by applying
rice husk carbon. Apart from significant differences in plant height and biomass at the
5% level, there were no significant differences among treatments in other horticultural
traits, including yield. Therefore, in the cultivation of iceberg lettuce, at least 2,500 kg
/ 0.1 ha of rice husk carbon can be added to the soil. Soil analysis results showed no
significant differences in moisture content and bulk density among treatments, but with
the increased application of rice husk carbon, there was a slight increase in soil organic
carbon density. Applying rice husk carbon in iceberg lettuce cultivation areas can
enhance the soil's carbon sequestration.

Key words: iceberg lettuce, rice husk carbon, carbon sink
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# 1.2023 # g ol H b - AR FEEG Y ERBERFTEALTREL -
Table 1. 2023 Growth survey of iceberg lettuce in the first rice husk carbon application rate
trial in the Fengshan area.

Rice husk Total yield ] Head ) ]
Plant weight . Head width ~ Stem SPAD Yield

carbon weight height
9 (cm)  length (cm) value (tons/ha)

(Kg/0.1ha) (Kg/block) (cm)

0 10.4+1.5a 364.0+47.1a11.6+0.1a 11.6+0.4a 5.2+0.9a 17.5+1.9a 48.5+6.3a

1000 10.5+0.7a 380.7+£16.9a11.2+0.2b 12.0+0.4a 4.4+0.7a 20.0+0.8a 50.7+2.3a

1500 10.7+1.1a 381.1+4.9a 11.9+0.2a 12.2+0.2a 4.0+0.1a 17.5+2.8a 50.8+0.7a

LSDo.os 2.6 68.8 0.4 1.0 1.8 54 9.2
Significance? NS NS * NS NS NS NS

Z 1 NS ~ * ~ **: the difference was not significant, significant at 0.05 and 0.01 level, respectively.
Seedling date: January 18, 2023 Transplanting date: February 16, 2023
Harvest date: April 6, 2023 Growth days: 49 days

#2.2023 B gL H B BRIV IEEG Y ERBERFELTREL -
Table 2. 2023 Growth survey of iceberg lettuce in the second rice husk carbon application rate

trial in the Fengshan area.

Rice husk Total yield ) Head Head Stem .
Plant weight SPAD Yield

carbon weight height width length

(Kg/0.1ha) (Kg/block) ©) (cm) (cm) (cm)

value (tons/ha)

0 19.5+5.0a 528.1+52.8a 12.1+0.5a 12.8+0.6a 4.4+0.1a 11.6+0.5a 70.3+7.0a

2000 23.7+7.1a541.6+154.4a12.2+1.2a 12.9+1.2a 4.5+0.5a 11.1+1.2a 72.1+20.6a
2500 21.8+7.6a532.8+178.7a12.2+1.2a 13.0+1.4a 4.1+0.6a 11.5+1.5a 71.0+23.8a

LSDo.s 15.3 212.1 2.0 1.6 0.8 3.0 28.3
Significance? NS NS NS NS NS NS NS

Z 1 NS ~ * » **: the difference was not significant, significant at 0.05 and 0.01 level, respectively.
Seedling date: February 16, 2023 Transplanting date: March 8, 2023
Harvest date: April 18, 2023  Growth days: 41 days
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Table 3. 2023 Growth survey of iceberg lettuce in the rice husk carbon application rate
trial in the Mailiao area.

Rice husk Total yield ] Head Head Stem ]
. Plant weight . ] SPAD Yield
carbon weight height width length
() value (tons/ha)
(Kg 0.1ha) (Kg/block) (cm) (cm) (cm)

0 35.1+10.9a 733.9+52.5a 12.0+0.5a 13.8+0.5a 3.3+0.2a 10.1+0.7a 97.8+7.0a

2000  35.9+2.9a 684.0+43.9a 11.9+0.2a 13.9+0.1a 3.1+0.5a 10.0+1.5a 91.1+5.8a
2500  36.1+4.7a 722.7+23.2a 11.6+0.5a 14.1+0.5a 3.5+0.6a 9.8+1.2a 96.3+3.1a

LSDo.0s 15.6 97.6 1.2 0.9 0.8 2.7 13.0
Significance? NS NS NS NS NS NS NS

Z 1 NS ~ * ~ **: the difference was not significant, significant at 0.05 and 0.01 level, respectively.
Seedling date: February 16, 2023 Transplanting date: March 2, 2023
Harvest date: April 17, 2023 Growth days: 46 days

# 4.2023 # 5 Ly % BIREFE E0 RiE%KD 30cmiFER 2 HE L 4T -
Table 4. 2023 soil analysis at 30 cm depth in iceberg lettuce fields in the Fengshan
area.

Rice husk carbon Water content ~ Bulk density  Soil organic carbon density

(Kg /0.1 ha) (%) (g cm®) (tons/ha)
0 18.8+3.0a 1.30+£0.16 a 23.5t6.7 a
2000 19.8+t0.6 a 1.33+0.12 a 30.4+3.3 a
LSDo.05 8.5 0.1 20.8
Significance 4 NS NS NS

Z 1 NS ~ * ~ **: the difference was not significant, significant at 0.05 and 0.01 level, respectively.
Sampling date: October 30, 2023
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Table 5. 2023 post-trial soil analysis at 30 cm depth in iceberg lettuce fields in the

Fengshan area.

Rice husk carbon Water content ~ Bulk density

Soil organic carbon density

(Kg /0.1 ha) (%) (gcm®) (tons/ha)
0 15.0t10a 1.22+0.09 a 23.6£35Db
2000 15.4+39a 1.48+0.17 a 37.9t155a
LSDo.05 8.2 0.59 47.1
Significance 4 NS NS *

21 NS ~ * ~ **: the difference was not significant, significant at 0.05 and 0.01 level, respectively.

Sampling date: December 14, 2023

#6.2024 L R ERE B9 RiEHKS 30emIFER 2 E LT o
Table 6. 2024 post-trial soil analysis at 30 cm depth in iceberg lettuce fields in the

Fengshan area.

Rice husk carbon Water content ~ Bulk density

Soil organic carbon density

(Kg /0.1 ha) (%) (gcm®) (tons/ha)
0 16.5+2.1b 1.10+£0.29 a 26.2t12.6 a
2000 16.9+4.5ab 1.01+0.14 a 27.9+13.3a
4000 18.7+t19a 1.13+0.15a 35.8+£11.0a
LSDo.05 12.5 0.55 16.9
Significance ¢ NS NS NS

Z 1 NS ~ * ~ **: the difference was not significant, significant at 0.05 and 0.01 level, respectively.

Sampling date: February 17, 2024
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Table 7. 2023 soil analysis at 30 cm depth in iceberg lettuce fields in the Mailiao area.

Rice husk carbon Water content  Bulk density  Soil organic carbon density

(Kg /0.1 ha) (%) (g cm?) (tons/ha)
0 23.41£6.6 a 1.49+0.09 a 21.9t1.4a
2000 21.6x6.2 a 1.52+0.13a 22.2t19a
LSDo.05 18.7 0.09 2.5
Significance ¢ NS NS NS

Z : NS ~ * -~ **: the difference was not significant, significant at 0.05 and 0.01 level, respectively.
Sampling date: October 20, 2023

#8.2023 # $ F¥ HRIXF E Y ®idBkis 30cm FR 2 EL T o
Table 8. 2023 post-trial soil analysis at 30 cm depth in iceberg lettuce fields in the
Mailiao area.

Rice husk carbon Water content  Bulk density ~ Soil organic carbon density

(Kg /0.1 ha) (%) (g cm™) (tons/ha)
0 179+1.3a 1.47+0.04 a 19.8t15a
2000 17.4+1.3a 1.52+0.06 a 24.9+3.0a
LSDao.05 2.1 0.14 10.1
Significance ¢ NS NS NS

Z : NS ~ * ~ **: the difference was not significant, significant at 0.05 and 0.01 level, respectively.

Sampling date: December 11, 2023
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Table 9. 2024 post-trial soil analysis at 30 cm depth in iceberg lettuce fields in the
Mailiao area.

Rice husk carbon Water content ~ Bulk density  Soil organic carbon density

(Kg /0.1 ha) (%) (gcm®) (tons/ha)
0 18.1+04 a 1.60+£0.17 a 28.3t3.5D
2000 19.9+35a 1.62+0.03 a 30.1+0.4 ab
4000 20.0£0.7 a 1.63+0.03 a 35.7£2.4 a
LSDo.05 5.3 0.24 6.6
Significance ¢ NS NS *

Z : NS ~ * ~ **: the difference was not significant, significant at 0.05 and 0.01 level, respectively.

Sampling date: February 20, 2024
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